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(g) Anti-tumour compounds containing quinazdine and tetrazole rings. 

@ The invention relates to quinazdine derivatives, or phanmaceutically-acceptaWe salts thereof, which 
possess anti-tumour activity ; to processes for their manufacture ; and to phannaceutical compositions 
containing them. 
The invention provides a Quinazolirie of t^ie formula :- 
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wherein R^ is (1-4C)alkyt ; 

the quinazoline ring may optionally bear one or two further substituents selected from halogeno. 

(1^)alky1 and (I^C)aikoxy; 

R2 is hydrogen or (1-4C)alkyl ; 

R^ indudes hydrogen and (1-4C)aIkyi ; and 

At is optionally substituted phenylene or heterocyclene ; 

or a pharmaceutically-acceptabl salt or ester thereof. 
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This invention relat a to novel antl-tunnour compounds and txKXB particularly it relates to quinazoline der- 
ivatives, or pharnnaceutically-acceptable salts or esters thereof, wttich possess anti-tun>our activity. The in- 
vention includes novel quinazolin derivatives and proc sses for their nianufacture; novel pharmaceutical com- 
positions containing said quinazoline d rivatives and the use of said quinazoline d rivatives in the manufacture 

5 of novel medicaments for use in the production of an anti-tumour effect in a warnrvblooded animal such as man. 
One group of anti-tumour compounds comprises the antimetabolites, such as aminopterin and methotrex- 
ate, which ar inhibitors of enzymes such as dihydrofolate reductase which act on folic acid derivatives. A newer 
compound which showed considerable promise in dinical trials is known as CB3717 and is described and 
claimed in United Kingdom Patent Specif ication No. 2065653B. Despcta its promising activity against human 

10 breast, ovarian and liver cancer however, CB3717 shows symptoms of toxicity in humans, particularly in rela- 
tion to the liver and kidney [Calvert, Alison, Harland, Robinson, Jackman, Jones. Newell, Siddik, Whiltshaw, 
McElwain, Smith and Harrap, J. Clin. Oncol. , 1986, 4, 1245; Cantwefl. Earnshaw and Harris, Cancer Treatment 
Reports . 1986, 70, 1336; Bassendine, Curtin, Loose, Harris and James, J. Hepatol ., 1987, 4, 39; Vest, Bork 
and Hasen, Eur. J. Cancer Clin. Oncol., 1988, 24^ 201; CantweD, Macaulay, Harris, Kaye, Smith, Milsted and 

15 Calvert, Eur. J. Cancer Clin. Oncol. , 1988. 24, 733; Sessa, Zucchetti, Ginier, Wilems. D'IncaIci and Cavalli, 
Eur J. Cancer Clin. Oncol. , 1988. 24, 769], Such adverse side effects are reduced in compounds in which the 
2-amino substituent of CB3717 is either missing or is replaced by one of various alternative substituents as 
disclosed respectively in United Kingdom Patent Specif icatk>n Nos. 2175903 and 2188319. 

Compounds of the CB3717-type are believed to act as anti-cancer agents not by inhibitk)n the enzyme 

20 dihydrofolate reductase but by inhibiting the enzyme thymidylate synthase. Thymidylate synthase catalyses 
the methylation of deoxyuridine nr>onophosphate to produce thymidine nrK)nophosphate which is required for 
ONA synthesis. The anti-cancer activity of CB371 7 may t>e assessed in vitro by determining its inhibitory effect 
on that enzyme, and in cell culhjres by its inhibitory effect on cancer cell lines such as the mouse leukaemia 
cell line LI 210, the mouse lymphoma cell lines L5178YTK-/- and L5178YTK+/-and the hunr^n breast cancer 

:j cell line MCF-7. 

Other compounds of the CB3717-type may therefore have ttietr anti-cancer activity assessed and conrv 
pared with that of CB3717 by their activity against, for example, the same enzyme and the same cancer cell 
lines. 

Antimetabolites, such as .iminopterin and methotrexate, which are inhibitors of enzymes such as dihydro- 

30 folate reductase which act on fclin acid derivatives, have also shown promise in the treatment of various allergic 
diseases such as allergic rhinitis, atopic dermatitis and psoriasis. The quinazoline derivatives of the present 
invention, being antimetabolites, are thus of value as therapeutic agents in the treatment of. for example, al- 
lergic conditions such as psoriasis. 

Antimetabolites such as methotrexate have also shown promise in the treatment of various inflammatory 

35 diseases such as inflammatton of the joints (especially rheuntatoid arthritis, osteoarthritis and gout) and in- 
flammation of the gastrointestinal tract (espedally inflammatory bowel disease, ulcerative colitis and gastritis) 
[Weinblatt et a[.. New England J. Med.. 1985, 312, 818; Andersen ^al. , Ann. Internat Med. , 1985. 103. 489; 
Healey, Bull. Rheum, Pis. . 1986, 36, 1], The quinazoline derivatives of the present inventfon are thus of value 
as therapeutic agents in the treatment of, for example, inflammatory disease such as rheumatoid arthritis. 

40 European Patent Applications Nos. 0239362 and 0284338 disclose two series of quinazoline derivatives 

which possess anti-cancer properties by virtue of their inhibitory activity against thymidylate synthase. Many 
of the examples therein are N-{B-[N-(4K)xo-3,4-dihydroquinazolin-6-yimethyl)-N;alkylamin^^ 
tamic acid derivatives. It is believed to be the case that these compounds, like the earlier compound CB3717, 
act through the metabolite produced on gannma-polyglutamylatk)n. [Sflcora et al., Biochem. Pharmacol. , 1988, 

45 34. 4047: Jackman et al.. Cancer Research. 1991, 51. 55791. 

We have now surprisingly found that the structures of the known L-glutamic ackj derivatives nr>ay be 
changed by the removal of the gamma-carboxy group and its replacement with a tetrazol-5-yl group to obtain 
compounds with improved inhibitory potencies against thymidylate synthase. In addition the compounds of 
the present invention are believed to act directiy as the process of gamma-glutamylaUon cannot operate. This 

50 alternative mode of action of the compounds of the present inventk>n provides the potential for more precise 
control of the anti-cancer effect since the onset of action should be more rapid as it is not dependent on a met- 
abolic process which may vary in degree between patients. Moreover the compounds of the present invention 
are expected to be more useful in the treatment of cancers wherein the gamma-pdyglutamation process is 
not operable than those earlier compounds which are believed to require gamma-polyglutamylation to enhance 

55 th ir anti-cancer eff ct Furthernrwe the process of polyglutiamyiation generally operates to produce polyglu- 
tamylated d rivatives of antimetabolites which do not readily diffuse across ceil membranes. In th event that 
a beneficial anti-cancer effect is outweighed by a detrimental toxk: effect, it is disadvantageous if the antime- 
tabolite is retained in normal cells by virtue of the polyglutamyiation process. Th alternative mode of action 
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of the compounds of the present invention thereby provides the potential for more precise control of the anti- 
cancer therapy provided to the patient 

According to the invention there is provided a quinazoiine derivative of the formula I (set out hereinafter) 
wherein is (1-4C)alkyl; 

5 the quinazoiine ring may optionally bear (at one or two of the 5-, 7- and 8-positions) one or two further sub- 
stituents selected from halogeno, (1-4C)alkyl and (1-4C)alkoxy; 
R2 is hydrogen or (1-4C)alkyl; 

is hydrogen, (1-4C)alky1, (3-4C)aikenyl, (3-4C)alkynyl, hydroxy-(2-4C)aikyt, haiogeno-(2-4C)alkyl or cyano- 
(1-4C)alky1; 

10 and Ar is phenylene or heterocyciene which may optionally bear one or two substituents selected from halo- 
geno. (1-4C)alkyl and (1-4C)aikoxy; 
or a pharmaceudcally-acceptable salt or ester thereof. 

The chemical formulae referred to herein by Roman numerals are set out for convenience on separate 
sheets hereinafter. In this specification the term "alkyl" includes both straight and branched chain alkyl groups 
1$ but references to indivklual alkyl groups such as "propyl" are specific for the straight chain version only. An 
analogous convention applies to other generic terms. 

It will be observed that a quinazoiine derivative of the invention possesses one or more asymmetric carbon 
atoms and it therefore exists in optically active forms. It is to be understood that this inventton encompasses 
any optically-active form which possesses anth tumour activity, it being a matter of common general knowledge 
20 how said optically-active forms may be separated. In its preferred form the quinazoiine derivative of the in- 
vention is enriched in the form having the (S)-conf iguration at the carton atom which bears the carboxy group 
i.e. the ratio of (S):(R) form is greater than 1:1. More preferably the quinazoiine derivative of the invention has 
predominantiy the (S)-conf iguratton at said carbon atom i.e. the ratio of (S):(R) form is greater than 3:2. Yet 
more preferably the quinazoiine derivative is substantially-free of the form having the (R)-conf iguration at said 
25 carbon atom. The term "substantially-free" is used herein to indicate the presence of no more than 10%. es- 
pecially no more than 5% and most especially no more than 2% by weight of any such (Reform. 

Within the present inventkDn it is to be understood that a quinazoiine derivative of the formula I may exhibit 
the phenomenon of tautonnerism. The formulae drawings presented within this specification can represent only 
one of the possible tautomeric forn^. In particular it will be appreciated that the tetrazol-5-yl group may be in 
30 the form, for example, of a 1H-tetrazol-5-yl group or a 3H-tetrazol-5-yl group. It is to be understood that the 
invention encompasses any tautomeric form which possesses anti- tumour activity and is not to be limited mere- 
ly to any one tautomeric form utilised within the formulae drawings. 

It is also to be understood that certain quinazoiine derivatives of the formula I can exist in solvated as well 
as unsolvated forms such as, for example, hydrated fornr^s. It is to be underetood that the invention enconv 
35 passes all such soh/ated forms which possess anti-tumour activity. 

Suitable values for the generic radicals referred to above include those set out below. 
A suitable value for R\R^ or R^ when it is (1-4C)alky!, orfor a (1-4C)alkyl substituent which may be present 
on the quinazoiine ring or on Ar is, for example, methyl, ethyl, propyl, isopropyi or butyl. 

A suitable value for a (1-4C)alkoxy substituent which may be present on the quinazoiine ring or on Ar is. 
40 for example, methoxy. ethoxy, propoxy, isopropoxy or butoxy. 

A suitable value for a halogeno substituent which may be present on the quinazoiine ring or on Ar is. for 
example, fluoro, chloro or bronrK). 

A suitable value for R' when it is (3-4C)aikenyl is, for example, prop-2-enyl, but-2-enyl, but-3-enyi or 2- 
methylprop-2-enyl; when it is {3-4C)alkynyl is, for example, prop-2-ynyl or but-3-ynyl; when it is hydroxy-{2- 
4S 4C)alkyl is, for example. 2-hydroxyethyl or 3-hydroxypropyl; when it is halogeno-(2-4C)alkyi is. for example. 
2-fluoroethyl. 2-chloroethyl, 2-bromoethyl, 3-fluoropropyl, 3-chloropropyl or 3-bromopropyl; and when it is cy- 
ano-(1-4C)alkyl is, for example, cyanomethyl, 2-cyanoethyl or 3-cyanopropyl. 

A suitable value for Ar when it is phenylene is, for example 1,3- or 1,4-phenyiene. 
A suitable value for Ar when it is heterocyciene is, for example, a 5- or 6-membered aromatic (that is, fully 
50 unsaturated) heterocyciene ring which contains up to 3 heteroatoms selected from nitrogen and sulphur, for 
example, thiophenediyi, pyridinediyi, pyrimidinediyi or thiazolediyl. Conveniently Ar when it is heterocyciene 
is. for example, thiophene-2,4-diyt, thiophene-2,5-diyl, pyridine-2,5-diyl or thiazole-2,5-diyl. 

A suitable pharmaceutically-acceptable salt of a quinazoiine derivative of the invention which is sufficiency 
basic is an acid-addition salt with, for example, an in rganic or organic acid, for example hydrochloric, hydro- 
55 bromic, sulphuric, phosphoric, trifluoroacetic, citric or maleic acid. In addition a suitable pharmaceutically-ac- 
ceptable salt of a quinazoiine d rivative of the invention which is sufficientiy acidic is an alkali metal salt, for 
xample a sodium or potassium salt, an alkaline earth m tat salt, for example a calcium or magnesium salt, 
an ammonium or tetra-(2-hydroxy thyl)ammonium salt or a salt with an organic base which affords a physio- 
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logically-acceptable cation, for example a sail with methyiamine, trimethylamin ortris-(2-hydroxyethyl)amine. 

A suitat>te pharmaceutically-acceptable ester of a quinazolin derivative of th invention is, for example, 
an ester with a (1-6C)alcohol, for xample a methyl, ethyl or tert-butyl ester. 

Particular novel compounds of the invention are. for exampi , quinazoline derivativ s of the formula I 
wherein:- 

(a) is a methyi or ethyl; and the quinazolin ring substituents, R^ and Ar have any of the n^eanings 
defined hereint>efore or in this section defining particular nov I compounds of the invention; 

(b) the quinazoline ring bears at the 7-positk)n one further substituent selected from fluoro, chloro, bronm 
and methyl; and R\ R^ R^ and Ar have any of the meanings defined hereinbefore or in this section defining 
particular novel compounds of the invention; 

(c) R2 is hydrogen; and R^ the quinazoline ring substituents, R^ and Ar have any of the meanings defined 
hereinbefore or in this section defining particular novel compounds of the invention; 

(d) R*is methyl, ethyl, propyl, prop-2-enyl, prop-2-ynyl, 2-hydroxyethyl, 2-fluoroethyl. 2-bromoethyl orcy- 
anomethyl; and R\ the quinazoline ring substituents, R^ and Ar have any of the meanings defined here- 
inbefore or in this section defining particular novel compounds of the invention; or 

(e) Ar IS 1 .4-phenyiene which may optionally bear one or two substituents selected from fluoro, chloro, me- 
thyl and methoxy, or Ar is thiophene-2,5-diyl. thiazoie-2,5-diyt or pyridine-2,5-diyl; and R\ the quinazolin 
ring substituents, R^ and R^ have any of the meanings defined hereinbefore or in this section defining par- 
ticular novel compounds of the invention; 

or a pharmaceuticaily-acceptable salt or ester thereof. 

A further particular compound of the invention comprises a quinazoline derivative of the formula I wherein 
R^ is methyi; 

the quinazoline ring may optionally bear a 7-fIuoro, 7-chloro, 7-bromo or 7-methyi substituent; 
R2 is hydrogen; 

R3 is methyl, ethyl, propyl, prop-2-enyi or prop-2-ynyl; and Ar is 1 ,4-phenyiene which may optionally bear one 
fluoro substituent, or Ar is thiophene-2,5-diyl, thiazole-2,5-diyi (with the -CONH- group in the 2-position) or 
pyridine-2,5-diyl (with the -CONH- group in the 2-position); 
or a pharmaceutically-acceptable salt thereof. 

A further preferred compound of the invention comprises a quinazoline derivative of the formula I 
wherein R^ is nr^ethyl; 

the quinazoline ring may optionally bear a 7-fluoro, 7-chloro, 7-bromo or 7-methyl substituent; 
R2 is hydrogen; 

R3 is methyl, ethyl or prop-2-ynyl; and 

Ar is 1,4-phenyIene, 2-fluoro-1,4-phenylene (with the -CONH- group in the 1-position), or pyridine-2,5-diyl 
(with the -CONH- group in the 2-position); 
or a pharmaceutically-acceptable salt thereof. 

A further particular compound of the invention comprises a quinazoline derivative of the formula I wherein 
R^ is methyl; 

the quinazoline ring may optionally bear a 7-fluoro, 7-chloro, 7-bromo or 7-methyl substituent; 
R2 is hydrogen; 

R3 is methyl, ethyl, propyl, prop-2-enyl or prop-2-ynyl; and 

Ar is 1 ,4-phenylene which may optionally bear one fluoro substituent, 

or Ar is thiophene-2,5-diyl or thiazole-2,5-diyl (with the -CONH- group in the 2-position; 

or a pharmaceutically-acceptable salt thereof. 

A specific preferred quinazoline derivative of the invention is, for example, one of the following quinazoline 
derivatives of the formula I. or a pharmaceuticaily-acceptable salt thereof:- 
2-{B-[N-(2-methyi-4-oxo-3,4-dihydroquinazolirv6-ylmethyl)-N-(prop-2-ynyl)amino^ 
butyric acid, 

2-(o-f!uoro-BH5H2-^T^tbyl-4-oxo-3,4-dihydroquinazolin-6-yimethyl)-N^ 
5-yl)butyric acid. 

2-^{N-(Z7-diniethyM-oxo-3,4-dihydroquinazoltr>-6-ylmethy1)-N 
acid, 

2-{o-fluoro-B-{N-<2,7-dimethyi-4-oxo-3,4-dihycfroquinazolin-6-yimethyl 
5-yl)butyric add. 

2-{B-(N;(2,7-diniethyi-4-oxo-3,4-dihydroquinazolin-6-ylmethyl)-^(prop-2-ynyl)amino]benzamido}-4-( 
5-yl)butyric add, 

2-{o-fluoro-£-[N;(2,7-dimethyl-4-oxo-3,4-dihydroquinazolin-6-ylmethyl)-N-{p^^ 
(tetrazol-5-yl)butyric acid. 
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2-[B-tIK^'^o'^2-methyi-4-<3xo-3,4-dihydrDquin^ 
5-yf)butyric acid, 

2-{o-nuort>245H7H:hIoro-2-methyi-4-oxc>-3,4-dihydroqui 

4- (tetrazol*5-y1)butyric acid or 

5 2-{B-{N-<7-bronKv2-methyI-4-oxo-3.4-dihydroquinazolin-6-y!meth^ 
zol-5-yi)butyric acid. 

Afiirther specific preferred quinazoline derivative of the inv ntion is, for example, on of the following 
quinazoline derivatives of the formula I, or a pharmaceuticaily-acceptable salt thereof:- 
(2S)-2-^[N-(2-methyi-4-oxo-3,4-dihydroquinazolin-6-yimethyi)-N-(prop-2-ynyl)aminolbenM 
10 5-yi)butyric acid, 

(2S)-2-{2"fIuoro-£-[N-(2-methyl-4-oxo-3,4-dihydroquina20lin-6-yimethyi}-N-(prop-2-ynyl)amin^^^ 
(tetra20l-5-yl}butyric acid, 

(2S)-2-{E-[N;(2,7-dimethyl-4-oxo-3.4-dihydroquinazdin-6-ylmethyi>-N-methylamino]benzam'ri^ 

5- yl)butyric acid, 

IS (2S)-2-{a-fluoro-2-[N-(2J-dlmethyl-4-oxo-3,4-dihydroquina2olin-6-ylmethyl)-N-methylamino]be^ 
(tetra2ol-5-yi)butyric acid, 

(2S)-2-{B-(N-(2,7-dimethyl-4-oxo-3,4-dihydroquinazolin-6-ylmetnyl)-N-(prop-2-ynyl)aminolbenzamido}-4- 
(tetrazol-5-yl)butyric acid, 

(2SV2-{a-fluoro-B-[N"(2J-dlrnethyl-4-oxo-3.4-dihydroquinazolin-6-yfmethyl)-N^^ 
20 4-(tetrazol-5-yi)butyric acid. 

(2S)-2-{B-{N-(7-chloro-2-methyl-4-oxo-3,4-dihydroqulnazolin-6-yimethyi)-N-(^^ 
(tetrazol-5-yl)butyric acid, 

(2S)-2-{2-fluoro-e-IN-{7-chloro-2-methyl-4-oxo-3,4-dihydroquina20lirh6-yfmethyi)-N^^ 
amido}-4-(tet''^o*-^y*)butyric acid or 
25 (2S)-2-{e-{N-{7-bromo-2-methyi-4-oxo-3,4-dihydroquinazonn-6-yImethyl)-ff(prop-2-ynyl)^ 
(tetrazol-5-yl)butyric acid. 

Although such a quinazoline derivative of the (S)-conf iguration may occur in admixture with the corre- 
sponding derivative of the (R)-conf iguration, a preference for the presence of a greater anxsunt of the derivative 
of the (S)-conf iguration has been indicated hereinbefore. 
30 A further specific preferred quinazoline derivative of the invention is, for example, one of the following qui- 

nazoline derivatives of the formula I, or a pharmaceuticaily-acceptable salt thereof:- 
(2S)-2-{o-fluoro-2-lN-(2J-dimethyl-4-oxo-3,4-dihydroquinazdin-6-yimethyl)-N-{^^ 

4- (tetrazol-5-yl)butyric acid or (2S)-2-{5-[N-{2,7-dimethyt-4-oxo-3,4-dihydroquinazolin-6-ylmethyl)-N-(prop-2- 
ynyi)amino]pyridine-2-carboxamido}-4-(tetrazol-5-yl)butyric acid. 

35 In a further aspect of the present invention there is provided a group of quinazoline derivatfves which possess 

improved anti-tunrwur activity and which in addition n^ay possess improved therapeutic ratios compared to the 
activity and therapeutic ratios possessed by the structurally-dosest known N-{g-(N-{4-oxo-3.4-dihydroquina- 
zolin-6-ylmethyl)-N-alkylaminolbenzoyi}-L-gIutamic acid derivatives. 

Conveniently this group of quinazoline derivatives comprises a quinazoline derivative of the formula I 

40 wherein is methyl; 

the quinazoline ring bears a 7-methyl substituent; 
R2 is hydrogen; 

R3 is n>ethy), ethyl or prop-2-ynyl; and 

Ar is 1,4-phenylene or 2-fluoro-1,4-phenylene (with the -CONH- group in the 1-position); 
45 or a pharmaceuticaily-acceptable salt thereof. 

Alternatively this group of quinazoline derivatives comprises a quinazoline derivative of the formula I 
wherein R^ is methyl: 

the quinazoline ring bears a 7-methyl substituent; 

R2 is hydrogen; 
50 R3 is methyl or prop-2-yny1; and 

Ar is 1,4-phenyiene. 2-fluoro-1 .4-phenylene (with the -CONH- group in the 1-position) or pyridine-2,5-diyl (with 

the -CONH- group in the 2-position): 

or a pharmaceuticaily-acceptable salt thereof. 

Preferably this group of quinazoline derivatives is r presented by:- 
55 2-{o-fluoro-^[N^-(2,7-dimethyl-4-oxo-3,4-dihydroquinazolln-6-ylmethyl)-N-methy^ 

5- yl)butyric acid; or a pharmaceuticaily-acceptable salt thereof. 

Alternatively this group of quinazoline derivatives is represented by:- 
(2S)-2-{o-f!uoro-e-(N-(2,7-dimethyl-4-oxo-3,4-dihydnx^uinazolin-6-ylmethyl)-N^^ 

5 
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4-(tetrazol-5-yi)butyric actd; or a pharmaceutically-acceptable salt thereof. 

Alternatively this group of quinazoline derivatives is represented by:- 
(2S>-2-{5-[N-(2,7-dimethyt-4-oxo-3,4-dlhydroquina2olin-6-ylm thyi}-N-{prop-2-ynyi)amino]pyridine-2-carbox- 
anitdo}-4-(tetrazol-&-yl}butyric acid; or a pharmaceutically-acceptat>le salt thereof. 

The therapeutic ratio of a quinazoline derivative of the invention may be determined, fior example, by com- 
paring the dose which gives effective anti-tumour activity in a suitable in vivo model such as a L5178Y TK 
tumcur [Fischer et Methods in Medical Research, 1964, 10, 247] in a suitable animal species such as the 
mouse, with the dose which gives significant weight loss in the test animal spedes. 

A compound of the invention comprising a quinazoline derivative of the formula I, or a pharmaceutically- 
acceptable salt or ester thereof, may be prepared by arty process known to be applicable to the preparation 
of structurally-related compounds. Such procedures are provided as a further feature of the invention and are 
Olustrated by the following representative examples in which, unless otherwise stated, R\ R^ and Ar have 
any of the meanings defined hereinbefore. Alternatively, where appropriate, conventional protecting groups 
are utilised on functiona] groups which would otherwise interfere with the required process. Examples of such 
conventional protecting groups are provided hereinafter. Any such protecting groups are, where desired, re- 
moved by conventional means. 

(a) The reaction of an add of the fornmjia II (set out hereinafter), or a reactive derivative thereof, wherein 
R^ is hydrogen or a protecting group, with a compound of the formula III, wherein R^ is a protecting group such 
as a (1-4C)alkyl group, whereafter the protecting groups are renrwved by conventional means. 

A suitable reactive derivative of an add of the formula II may be, for example, an acyl halide, for example 
an acyl chloride formed by the hBaction of the acid and an inorganic add chloride, for example thionyl chloride; 
a mixed anhydride, for example an anhydride formed by the reaction of the add and a chloroformate such as 
isobutyi chloroformate; an active ester, for example an ester formed by the reaction of the add and a phenol 
such as pentaf luorophenol or an alcohol such as 1-hydroxybenzotriazole; an acyl azide, for example an azide 
fornDed by the reaction of the acid and an azide such as diphenylphosphoryl azide; an acyl cyanide, for example 
a cyanide fornDed by the reaction of an acid and a cyanide such as diethylphosphoryf cyanide; or the product 
of the reaction of the add and a carbodiimide such as dicydohexytcarbodiimide. 

The reaction is preferably carried out in the presence of a suitable base such as, for example, an alkali or 
alkaline earth metal cart>onate. aikoxWe, hydroxide or hydride, for example sodium cartxwiate. potassium car- 
bonate, sodium ethoxWe, potassium butoxide. sodium hydroxide, potassium hydroxide, sodium hydride or po- 
tassium hydride, or, for example, an organic amine base such as, for example, pyridine, 2,6-lutkiine, collidine, 
4-dimethyiaminopyridine, triethyiamine, morphdine or diazabk:ydo(5.4.01undec-7-ene. The reaction is also 
preferably carried out in a suitable inert solvent or diluent, for example tetrahydrofiiran. 1,2-dimethoxyethane, 
N.NWimethylformamide, N,5f-din>ethylacetamide, N-methylpyrrdkiin-2-one, dimethylsulphoxkle or acetone, 
and at a temperature in the range, for example, -78« to 150*C, conveniently at or near ambient temperature, 
A suitable value for R* when it is a protecting group is, for example, a pivaloytoxymethyl group whteh may 
be removed by hydrolysis with a base, for example sodium hydroxide or anrmionia, in a suitable inert solvent 
or diuent, for example nrtethanol or ethanot. 

A suitable value for R' when it is a {1-4C)alkyl group is, for example, a methyl, ethyl, propyl, isopropyl. 
butyl, isobutyi or tert-butyl group. R* may be removed, for example, by hydrolysis conveniently in the presence 
of a suitable base such as, for example, an alkali or alkaline earth metal hydroxide, for example lithium hy- 
droxide, sodium hydroxide or potassium hydroxide. Alternatively, when R* is, for example, a t^-butyl group 
it may be renxjved, for example, by treatment with a suitable inorganic add such as hydrochloric, sulphuric or 
phosphoric acid or with a suitable organic add such as trifluoroacetic add. 

A suitable protecting group for a hydroxy-{2-4C)alkyl group is. for example, an acyl group, for example an 
alkanoyi group such as acetyl, an aroyi group, for example benzoyl, or an arylmethyl group, for example benzyl. 
The deprotection conditions for the above protecting groups wBI necessanly vary with the choice of protecting 
group. Thus, for example, an acyl group such as an alkanoyi or an aroyI group may be removed, for example, 
by hydrolysis with a suitable base such as an alkali metal hydroxide, for example lithium or sodium hydroxide. 
Alternatively an arylmethyl group such as a benzyl group may be removed, for example, by hydrogenation over 
a catalyst such as palladiunvon-charooal. 

The starting materials of the formula II and of the formula 111 may be prepared by standard procedures of 
organic chemistry. The preparation of examples of such starting nr^lerials is descn'bed within the accompa- 
nying non-limiting Examples which are provided for the purpose of iflustration only. Other necessary starting 
materials ar obtainable by analogous procedures to those described or by modiffcattons thereto which are 
within the ordinary skill of an organic ch mist Thus, for exampi . th starting material of the formula II may 
be prepared by the reaction of a compound of the formula IV wherein Z is a displaceaWe group, with an amine 
of the formula: 
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HNRW-COjRS 

wherein R« is a protecting group as defined hereinbefore which can be removed to provide a cart>oxyiic acid. 
In addition, for exampi , the starting material of the formula III wherein R« is hydrog n and having predomi- 
nantly th (S)-conf iguration at the cart)on atom which carries the amino and cart)oxy groups is known ( Tetra- 

5 hedron. 1977. 33. 2299). This may be esterified by conventional means to form a compound of the formula 111 
wherein R^ is a (1-4C)alkyl group. Alternatively the compound disclosed therein, which has the structure of 
the compound of the formula III wherein R* is methyl except that the amino group is protected by a benzyfox- 
ycarbonyl group, may be deprotected, for example by hydrogenolysis. 

A suitable value for the displaceable group Z is. for example, a halogeno or sulphonyloxy group, for example 

10 a chloro. bromo, methyisulphonyloxy or 4-toluenesulphciV:-foxy group, 

(b) The reaction of a compound of the formula IV wherein R* is hydrogen or a protecting group as defined 
hereinbefore and 2 is a displaceable group as defined hereinbefore, with an amine of the formula V wherein 
R5 is a protecting group as defined hereinbefore, whereafter the protecting groups are removed by conventional 
means. 

15 The reaction is preferably carried out in the presence of a suitable base as defined above, in a suitable 
inert solvent or diluent as defined above, and at a temperature in the range, for example 25* to 150'C, con- 
veniently at or near 90**C. 

The starting materials of the formula IV and of the formula V may be prepared by standard procedures of 
organic chemistry. The preparation of examples of compounds of the formula IV is described by way of refer- 

20 ence within the accompanying non-limiting Examples which are provided for the purpose of illustration only. 
Other necessary starting materials are obtainable by analogous procedures to those described or by nwdif h 
cations thereto which are within the ordinary skfll of an organic chemist 

When a pharmaceutically-acceptable salt of a novel compound of the formula I is required, it may be ob- 
tained, for example, by reaction of said compound with a suitable add or base using a conventional procedure. 

25 . A\Tteirapharmaceuticaily-acceptable ester of a novel compound of the fornxila I is required, it may be obtained, 
for example, by reaction of said compound with a suitable (1-6C}alcohol using a conventional procedure. When 
an optically active form of a compound of the formula I is required, it may be obtained by carrying out one of 
the aforesaid processes using an optically active starting material, or by resolution of a racemic form of said 
compound using a conventional procedure. 

30 As stated above a quinazoline derivative of the present invention possesses anti-tumour activity. This ac- 
tivity may bp assessed, for example, using one or more of the procedures set out below. 

(a) An in vifro assay which determines the ability of a test compound to inhibit the enzyme thymidylate 
synthase. Thymidylate synthase was obtained in partially purified form firom L121 0 nwuse leukaemia cells 
and utilised using the procedures described by Jackman et a[. ( Cancer Res. , 1986, 46. 2810 and Sikora 

35 et al.. Biochem. Pharmacol. 1988, 37, 4047). 

(b) An assay whteh determines the ability of a test compound to inhibit the growth of the leukaemia cell 
line L1210 in cell culture. The test is simiar to that described in UK Patent Specification No. 2065653B 
and has been described by Jones et a[., J. Med. Chem. , 1985, 28. 1468. 

(c) An assay which determines the ability of a test compound to inhibit the growth of the human breast 
40 cancer cell line MCF-7 in cell culture. The test is similar to that described by Uppman et al. ( Cancer Res .. 

1976,36,4595). 

Although the pharmacological properties of the quinazolines of the inventton vary with structural changes, 
in general quinazolines of the inventton possess activity in one or more of the above tests (a) to (c) as foilows:- 
Test (a) ICso in the range, for example, 1-100 nM; 
45 Test (b) ICso in the range, for example. 0.01 -1 0 jiM; 
Test (c) ICso in the range, for example, 0.01-10 pM. 

In general those quinazolines of the invention which are especially preferred possess activity in one or 
more of the above tests (a) to (c)> 
Test (a) ICso in the range, for example, 1-20 nM; 
50 Test (b) ICso in the range, for example. 0.01-1 ^M; 
Test (c) ICso in the range, for example, 0.01-1 ^M. 

Thus by way of example, the compound:- 
{2S)-2-{g-{N;{2-methyl^xo-3.4-dihydroquinazdin-S-ylmethyl)-N-{prop-2-yn 

5-yl)butyric acid has an IC50 of - 13 nM in Test (a), an IC50 of - 0.12 ^M in Test (b), and an ICjo of - 0.04 jiM 
55 in Test (c); 

(2S)-2-fe-fluoro-B-[N-(2.7-dimethyl-4-oxo-3.4Hjihydroquinazolin-6-ylm^^ 

zol-5-yt)butyric acid has an IC50 of - 2 nM in Test (a), an IC50 - 0.07 jiM in Test (b). and an IC50 - 0.04 ^iM in 
Test (c); and 
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(2S)-2-{o-fluofo-e-[N-(2J-dimethyl-4-ox<v3.4-dihydroquin^^ 

do}-4-(tetrazol-5-yl)bulyiic add has an ICw of -1 nM in Test (a), an ICgo of - 0.02 \M in Test (b), and an ICw 
of - 0.01 \lM in T at (c), 

A quinazoline derivative of the invention, or a pharn^aceutically-acceptabl salt or ester thereof, may be 

s administered to a warm-blooded animal, including a human, in the form of a pharmaceutical composition which 
comprises the quinazoline denvativ ,ora pharmaceutically-acceptable salt or ester thereof, in association with 
a pharmaceutically-acceptabi diluent or carrier. 

The composition may be in a form suitable for oral use, for example a tabl t, capsul , aqueous or oPy sol- 
ution, suspension or emulsion; for topical use, for example a cream, ointment, gel or aqueous or oOy solution 

10 or suspension; for nasal use. for example a snuff, nasal spray or nasal drops; for vaginal or rectal use, for ex- 
cmpls a suppository; for administration by inhalation, for example as a finely divided powder or a liquid aerosol; 
for sub-lingual or buccal use. for example a tablet cr capsule; or espedally for parenteral use (including intra- 
venous, subcutaneous, intranr^scular, intravascular or infusion), for example as a sterfle aqueous or oily sol- 
ution, emulsion or suspension. In general the above compositions miay be prepared in a conventional manner 

f5 using conventional excipients. 

The composition may contain, in addition to the quinazoline derivative of the invention, one or nK>re other 
anti-tumour substances, for example those selected from, for example, mitotic inhibitors, for example vinblas- 
tine; alkylating agents, for example cis-platin, carboplatin and cyclophosphamide; other antimetabolites, for ex- 
ample 5-fluorouracil, cytosine arabinoside and hydroxyurea; intercalating antibiotics, for example adriamycin 

20 and bleomycin; enzymes, for example asparaginase; topoisomerase inhibitors, for example etoposide; and bio- 
logical response modifiers, for example interferon. 

The quinazoline will normally be administered to a warm-blooded animal at a unit dose within the range 
50-5000 mg per square metre body area of the animal, i.e. approximately 1-100 mg/kg, and this normally pro- 
vides a therapeutically-effective dose. A unit dose form such as a tablet or capsule will usually contain, for ex- 

25 ample, 1-250 mg of active ingredient Preferably a daily dose in the range of 1-50 mg/kg preferably 1-15 mg/kg, 
is employed. However the daily dose will necessarily be varied depending upon the host treated, the particular 
route of administration, and the severity of the illness being treated. Accordingly the optimum dosage will be 
determined by the practitioner who is treating any particular patient 

According to a further feature of the invention there is provided a quinazoline derivative of the formula I. 

30 or a pharmaceutically-acceptable salt or ester thereof, for use in a method of treatment of the human or animal 
body by therapy. 

According to a further feature of the present invention there is provkied a method for producing an anti- 
tunwur effect in a warm-blooded an imal, such as man. in need of such treatment which comprises administering 
to said animal an effective amount of a quinazoline derivative of the present inventton, or a pharmaceutically- 
35 acceptable salt or ester thereof. 

The invention also provides the use of a quinazoline derivative of the present invention, or a pharmaceut- 
ically-acceptable salt or ester thereof, in the manufacture of a novel medicament for use in the production of 
an anti-tumour effect in a warm blooded animal, such as man. 

A quinazoline of the present inventton is expected to possess a wide range of anti-tunxDur activities. 
40 CB3717 showed promising activity against human breast ovarian and liver cancer and consequently it is ex- 
pected that a quinazoline of the present invention will possess anti-tumour activity against these cancers. It 
is in addition expected that a quinazoline of the present inventton will possess anti-tumour activity against a 
range of leukaemias, lymphoid malignancies and solid tumours such as carcinomas and sarcomas. Such tu- 
moure require thymidine monophosphate as one of the essential nucleotides for the synthesis of cellular DNA. 
45 In the presence of an effective amount of a thymidylate synthase inhibitor such as an effective amount of a 
quinazoline derivative of the present invention it is expected that tumour growth will be inhibited. 

As previously mentioned a quinazoline derivative of the inventton, or a pharmaceutically-acceptable salt 
or ester thereof, is also of value in the treatment of. for example, allergic conditions such as psoriasis or in- 
flammatory disease such as rheumatoid arthritis. In using a quinazoline of the inventton for this purpos the 
50 compound will normally be administered at a dose within the range 500-50000 mg per square metre body area 
of the animal. In general for the treatment of an allergic condition such as psoriasis topical administratton of a 
quinazoline of the inventton is preferred. Thus, for example, for topical administration a daily dose in the range, 
for example, 1 to 150 mg/kg, preferably 1 to 80 mg/kg. wDI be used. 

Th invention is illustrated but not limited by the following Examples in which unless otherwise stated:- 
55 (i) evaporattons were carried out by rotary evaporation in vacuo and work-up procedures were carried out 
after removal of residual solids by filtration; 

(ii) operati ns were carried out at laboratory t mperatur , that is in the range 18-20*C and under an at- 
mosphere of an in rt gas such as argon; 
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(iii) column chromatography (by the flash procedure) and medium pressure liquid chromatography (MPLC) 
were performed on Merck Kieselgel silica (Art 9385) or Merck Lichroprep RP-1 8 reverse-phase silica (Art 
9303) obtained from E. Merck, Darmstadt. W. Germany; 

(iv) yields are given for illustration only and are not necessarily the maximum atlainab! ; 

5 (v) th end-products of the formula I have satisfactory microanalyses and their structures were confirmed 

by NMR and mass spectral techniques [proton magnetic resonance spectra were determined using a Jeol 
FX 90Q or a Bruker AM200 spectrometer operating at a field strength of 200 MHz;'Chemical shifts ar re- 
ported in parts per million downfield from tetramethytsilane as an internal standard (S scale) and peak mul- 
tiplicities are shown thus: s, singlet; d. doublet; d of d's. doublet of doublet's; t triplet m. multiplet; fast- 
to atom bombardment (FAB) mass spectral data were obts'-ned using a VG Analytical MS9 spectrometer and 
xenon gas and. where appropriate, either positive ion data or negative ion data were collected]; 

(vi) intermediates were not generally fully characterised and purity was assessed by thin layer chromato- 
graphic, infra-red (IR) or NMR analysis; 

(vii) melting points are uncorrected and were determined using a Metller SP62 automatic melting point ap- 
15 paratus, a Koffler hot plate apparatus or an oil-bath apparatus; 

(viii) the chiral purity of the end-products of the formula I and of internr>ediates such as those of the formula 
III was assessed using NMR and chromatographic analysis; 

(ix) the following abbreviations have been used:- 
THF tebBhydrofuran; 

20 DMF N.N-dimethylformamide; 
DMA N.N-dimethylacetamide; 
NMP N-methy!pyrrolidin-2-one; 
DMSO dimethylsulphoxide. 

25 Example 1 

A mixture of pentafluorophenyl o-fluoro-B-(N-(2,7-diniethyl-4-oxo^3-(pivaloyioxymethyl)-3.4-dihydroqui^ 
na20lin-6-ylmethyl)-N-(prop-2-ynyl)aminolbenzoate (2.5 g), methyr(2S)-2-amino-4-(tetrazol-5-yl)-butyrate 
(0.32 g), N-hydroxybenzotriazole (0.05 g) and DMF (100 ml) was stirred at ambient temperature for 24 hours. 

30 The mixture was evaporated and the residue was purified by column chromatography using a 19:1 v/v mixture 
of methylene chloride and methanol as eluent There was thus obtained, as a gum which on trituration under 
diethyl ether gave a solid (1.92 g), methyl (2Sh2-{o-fluoro-B-tN-(2,7-dimethyi-4-ox<>-3-(pivaloy!oxymethyi)- 
3,4-dihydroquina20lin-6.yimethyi)-N-(prop-2-ynyl)aminolbenzamidoH-(tetrazol-5-yl)but^^^ in 79% yield. 
A mixture of the product so obtained, 2N sodium hydroxide solution (20 mi) and methanol (5 ml) was stirred 

35 at ambient temperature for 1 hour. The mixture was concentrated by evaporation of the methanol and the aqu- 
eous residue was acidified to pH4 by the addition of concentrated hydrochloric add. The precipitate was iso- 
lated, washed with water and dried. There was thus obtained (2S)-2-[o-fluoro-B-lN-(2,7-dimethyl-4-oxo-3.4- 
dihydroquinazolin-6-ylmethyl)-ht(prop-2-ynyl)aminolben2amido}-4-(tetra2ol-5-yl)butyric acid (1.21 g, 79%), 
m.p. 232-240«C. 

40 NMR Spectrum: (CD3SOCD3) 2.12-2.21 (m, 2H), 2.24 (s. 3H). 2.30 (s, 3H). 2.94 (m, 2H), 3.20 (s. 1H). 4.28 (s. 
2H). 4.41 (m, 1H), 4.68 (s. 2H). 6.62 (m, 2H). 7,42(s. 1H). 7.56 (t, 1H). 7.67(3, 1H), 8.05 (t, 1H). 12.03 (s. 1H); 
Mass Spectrum: (positive ion FAB) m/e (P+1) 533; 
Elemental Analysis: Found C, 53.1; H, 4.4; N, 19.5; 
C2eH25FNe04 0.9Naa requires C, 53.4; H, 4.3; N, 19.2%. 

45 In this example the methyl (2S)-2-amino-4-(tetra20l-5-yl)-butyrate was enriched in the form having the 

(S)-configuration at the carbon atom which beare the methoxycarbonyl group to the extent that the ratio of 
(S):(R) form was 7:3 as determined by chromatographic analysis. This isomeric ratio was retained in the prod- 
uct of Example 1. 

The pentafluorophenyl o-fIuoro-2-lN-(2,7-dimethyl-4-oxo-3-(pivaIoyloxymethyi)-3,4-dihydroquinazolin-6- 
50 yimethyi)-N-(prop-2-yny1)-aminolben2oate used as a starting material was obtained as follows:- 

A mixture of tert-butyl o-f Iuoro-e-(prop-2-ynyi)amino-ben2oate [0.882 g; prepared in 56% yield by the re- 
action of tert-butyl ^-arnino-o-fluorobenzoate (European Patent Applicatton No. 0373891, Example 3 thereof) 
with propargyl bromidel. 6-bromomethyi-2 J-dBnethyl-3-(pivaloyloxymethyi)-3,4-dihydroquinazolin-4-one (0.9 
g; European Patent Application No. 0459730, Example 13 thereof], potassium carbonate (0.691 g), 18-crown- 
55 6 (0.005 g) and NMP (20 nr^) was stirred and heated to 90**C for 6 hours. The mixtur was evaporated and the 
residue was partitfened between thyl acetate and water. The organic phase was washed with water and with 
brin , dried (MgS04) and evaporated. The resWue was purified by column chromatography using increasingly 
polar mixtures of methylene chloride and ethyl acetate as eluent There was thus obtained tert-butyi 2-fIuoro-2- 
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[H^2J-^imethyM-c«o-3-<pivaloytoxyn^ 
(0.9 g). 

A mixture of the product so obtained and trifluoroacetic acid (20 ml) was stirred at ambient temperature 
for 1 hour. The mixture was vaporated and the residue was triturated under diethyl ether. There was thus 
5 obtained 

o-fluoro-B-I5H2J"^inriethyl-4-oxo-3-(pivaIoyloxymethyi>-3.4-dihyd^ 

anino]benzoic add as a solid (0.64 g). 

Bemental Analysis: Found C, 64.7; H, 5.5; N, 8.2; 

CzjHasFNsQs O.ICF3CO2H requires C, 64.7; H. 5,6; N, 8,3%. 
10 Dicydohexylcarfoodiimide (14.9 g) was added to z suspension of o-fluoro-g-[N-(2J-dimethyl-4-oxo-3-(piv- 

aioyioxymethyl)-3,4-dihydroquinazolin-6-ylmethyi)-N-(prop-2-ynyl)amino]ben20ic add (23,8 g) and penta- 

fluorophend (26.6 g) in DMF (200 mi) and the mixture was stirred at ambient temperature for 18 hours. The 

mbcture was filtered and the f itrate was evaporated. The residue was purified by column chromatography using 

a 1 :1 v/v mixture of hexane and ethyl acetate as eluent There was thus obtained the required starting material 
15 (11 g). m.p. 163-165*»C. 

The methyl (2S)-2-amino-4.<tetrazol-5-y!)butyrate (in which the ratio of (S):(R) form was 7:3) used as a 

starting n)aterial was obtained as follows:- 

Sulphuryl chloride (1 g) was added to a stkred mbcture of N-benzyloxycarbonyl-L-glutamine (100 g) and 

methanol (1200 ml) and the mbcture was stirred at ambient temperature for 24 hours. The mixture was evapo- 
20 rated to give ff-benzyloxycarbonyl-L-glutamine methyl ester (105 g). 

2-Tosyl chloride (85.8 g) was added portionwise to a stirred mixture of the product so obtained and pyridine 

(200 ml) at such a rate that the temperature of the reaction mixture did not exceed 35'^C. The mbcture was then 

heated to 65*'C for 90 minutes. The mbcture was concentrated by the evaporation of the pyridine and the residue 

was partitioned between ethyl acetate and water. The organic phase was washed with 2N aqueous hydrochlo- 
25 ric add and with water, dried (MgSO^) and evaporated. The residue was purified by column chromatography 

using a 1:1 v/v mbcture of hexane and ethyl acetate as eluent There was thus obtained methyl (2S)-2-benzy- 

loxycartM3nylamino-4*cyanobutyrate (81 g). 

A mixture of the product so obtained, sodium azide (22.2 g), ammonium chloride (18,3 g) and DMF (400 

mi) was heated on a steam bath for 24 hours. The mixture was concentrated and water (55 ml) was add d to 
30 the residue. The mbcture was addif led to pHI by the addition of concentrated hydrochloric acid and extracted 

with ethyl acetate. The organic extract was dried {MgS04) and evaporated. The residue was triturated under 

diethyl ether to give methyl (2S)-2-benzyloxycart)onylamino-4-(tetrazol-5-yl)butyrate (36 g; in which the ratio 

of(S):(R)formwas7:3). 

NMR Spectrum: (CDaSOCDa) 1.95-2.35 (m, 2H), 2.95 (t, 2H), 3.64 (s, 3H). 4.15 (m, 1H). 5.04 {s, 2H), 7.36 (s, 

35 5H), 7.88 (d, 1 H). 1 3.0 (s, 1 H). 

A mbcture of a portion (17.1 g) of the product so obtained, 10% pailadiunvon-charcoal catalyst (2-2 g) and 
ethanol (300 mi) was stirred at ambient temperature under an atmosphere of hydrogen for 24 hours. The mix- 
ture was filtered and the filtrate was evaporated. The residue was triturated under diethyl ether. There was 
thus obtained methyl (2S)-2-amino-4-{tetra2ol-5-yi)butyrate (11.75 g; in which the ratio of (S):{R) form was 

40 7:3), m.p. 177.182«C. 

Example 2 

The procedure described in Example 1 was repeated except that the appropriate pentafluorophenyi ben- 
45 zoate was reacted with (2S)-2-amino-4-(tetra2o!-5-yl)butyrate. There were thus obtained the compounds de- 
scribed in the fdlowing Table, the structures of which were confirmed by proton nn^gnetic resonance and mass 
spectroscopy and by elemental analysis. Unless otherwise stated, a batch of methyl (2S)-2-amino-4-(tetrazol- 
5-yl)butyrate was employed which was enriched in the form having the (S)-configuration to the extent that 
the ratio of the {S):(R) form was 7:3, 

50 
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TABLE I 




H 



Exanple 2 










Coapound 








a. p. 


No. 








(•C) 


I* 


prop-2-ynyl 


H 


H 


203-209 


2" 


prop-2-ynyl 


H 


F 


232-235 




aethyl 


H 


H 


oil 




methyl 


H 


F 


oil 


5« 


methyl 


methyl 


H 


235-250 


6* 


methyl 


■ethyl 


F 


2A4-250 


78 


prop-2-ynyl 


■ethyl 


H 


213-222 


S** 


prop-2-ynyl 


P 


H 


oil 


9^ 


methyl 


CI 


H 


oil 




prop-2-ynyl 


CI 


H 


205-208 




prop-2-ynyl 


CI 


F 


206 (deconposes) 


12^ 


methyl 


Br 


F 


233 (decomposes) 


13" 


prop-2-ynyl 


Br 


H 


>306 (decomposes) 




prop-2-ynyl 


Br 


F 


217 (decomposes) 



Kotes 

a) Elemental analysis shoved that the product contained I 

equivalent of water and 0*5 equivalents of sodiuta chloride. 
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The pentafluorophenyl £-(M-(2-methyl-4-oxo-3- 
(plvaloyloxyn>ethyl)-3,4-dlhydroquina2olin-6-ylmethyl)-N-(prop-2- 

ynyl)aalnolben2oate, used as a starting aaterial, was obtained by the 
reaction f £-{M-(2-aethyl-4-oxo-3-(pivaloyloxyBethyl)-3,4- 
dihydroquinazolin-6-ylaethyl)-N-(prop-2-ynyl)aBinol benzoic acid 
(European Patent Application Mo. 0459730, Bxaaple I thereof) and 
pentafluorophenol using an analogous procedure to that described in 
the portion of Example 1 which is concerned with the preparation of 

starting materials. 

The methyl (2S)-2-amino-4-(tetra2ol-5-yl)butyrate utilised 

in the preparation of this product was obtained in a form 
substantially- free of the (R)-foni utilising the procedure of Tran et 
al., Tetrahedron , 1977, 33, 2299. 

b) Elemental analysis showed that the product contained 0.5 
equivalents of water and 0.5 equivalents of sodium chloride. 

The pentafluorophenyl o-fluoro-£-lN-(2-methyl-4-oxo-3- 
(pivaloyloxymethyl)-3,4-dihydroquinazolin-6-ylmethyl)-N-(prop-2-ynyl)- 

aminolbenzoate, used as a starting material, was obtained by the 
reaction of o-fluoro-£- lN-(2-Bethyl-4-oxo-3-(pivaloyloxymethyl)- 
3 , 4-dihydroquinazolin-6-ylmethyl) -N- ( prop-2-ynyl ) amino 1 benzoic acid 
(European Patent Application No. 0459730, Example 13 thereof) and 
pentafluorophenol using an analogous procedure to that described in 
the portion of Example 1 which is concerned with the preparation of 
starting materials. 

c) The product gave the following characteristic NMR signals: - 
(CD3SOCD3) 2.21 (m, 2H), 2.33 (s, 3H), 2.96 (t, 2K), 3.13 (s, 3H), 4.4 
(m, IH), 4.78 (s, 2H), 6.78 (d. 2H). 7.5-7.65 (a, 2H), 7.74 (d, 2H), 

7.85 (d, IH), 8.3 (d, IH) . 

The pentafluorophenyl £-{N-(2-methyl-4-oxo-3-(pivaloyloxy- 
methyl)-3,4-dihydroquina2olin-6-ylmethyl)-N-aethylarainolbenzoate, used 
as a starting material, was obtained from 6-broraomethyl-2-methyl- 
3- ( plvaloyloxynethyl ) -3 . 4-dihydroquinazolin-4-one ( European Patent 
Application No. 0239362, Example 1 thereof! and tert-butyl 
£-methylaminobenzoate [prepared by the reaction of tert-butyl 
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£-aininoben2oate with methyl iodide] using analogous procedures to 
th se described in the portion of Example 1 which is concerned with 
the preparation of starting materials. 

d) The product gave the following characteristic NMR signals: - 

(CD3SOCD3) 2-0.2.25 (a, 2H), 2.3 (s, 3H), 2.9-3.0 (t, 2H), 3.1 (s, 
3H), 4.35-4.5 (m, IH) , 4.8 (s, 2H), 6.7 (m, 2H), 7.57 (m, 3H) , 7-9 (n, 

2H), 12.08 (s, IH). 

The pentafluorophenyl o-fluoro-£-lN-(2-methyl-4-oxo-3- 
(pivaloyloxyTBethyl)-3,4.dihydroquinazolin-6-ylmethyl)-N- 

methylaminolbenzoate, used as a starting material, was obtained from 
6-bromoBethyl-2-methyl-3-(plvaloyloxymethyl)-3,4-dihydroquina2olin-4- 

one and tert-butyl o-fluoro-£-methylaminob€nzoate [prepared by the 

reaction of tert- butyl £-aaino-o-fluoroben2oate with methyl iodide] 

using analogous procedures to those described in the portion of 

Example 1 which is concerned with the preparation of starting 

materials. 

The methyl (2S)-2-amino-4-{tetrazol-5-yl)butyrate utilised 
in the preparation of this product was obtained in a form 
substantially-free of the (R)-foni utilising the procedure of Tran et 
al., Tetrahedron , 1977, 33, 2299. 

e) Elemental analysis showed that the product contained 1.2 

equivalents of water. 

The pentafluorophenyl £.(N-(2,7-dimethyl-4-oxo-3- 
(pivaloyloxymethyl ) -3 , 4-dihydroquina2olin-6-ylraethyl) -M-methylamino 1 - 
benzoate, used as a starting material, was obtained from 
6-bromomethyl-2 , 7-dimethyl-3- (pivaloyloxymethyl) -3 , 4- 
dihydroquina2olin-4-one and tert-butyl £-methylaminobenzoate using 
analogous procedures to those described in the portion of Example 1 
which is concerned with the preparation of starting materials. 

f) Elemental analysis showed that the product contained 0.5 
equivalents of water and 0.45 equivalents of sodium chloride. 

The pentafluorophenyl o-fluoro-£-[N-(2,7-diraethyl-4-oxo- 
3. (pivaloyloxymethyl) -3, 4-dihydroquinazolin-6-methyl)-N- 
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nethylaninolbenzoate, used as a starting material, was obtained from 
6-bromoBethyl-2 , 7-dimethyl-3- (pivaloyloxymethyl) -3 , 4- 
dihydroquinazolln-A-one and tert-butyl o-fluoro-£-methylaBinobenzoate 
using analogous procedures to those described in the portion of 
Exaaple I which is concerned with the preparation of starting 
naterials. 

g) Eleaental analysis showed that the product contained 1 

equivalent of water. 

The pentafluorophenyl £-(N-2, 7-dimethyl-4-oxo- 
3-(pivaloyloxyIBethyl)-3,4-dlhydroquinazolln-6-ylmethyl)-N-(prop-2- 

ynyl) amino Ibenzoate, used as a starting material, was obtained by the 
reaction of £- [N-(2,7-dimethyl-4-oxo-3-(plvaloyloxyliethyl)-3,4- 
dihydroquinazolin-6-ylnethyl)-N-(prop-2-ynyl)aninolben2oic acid 
(European Patent Application No. 0459730, Example 13 thereof) and 
pentafluorophenol using an analogous procedure to that described in 
the portion of Exaaple 1 which is concerned with the preparation of 
starting naterials. 

h) The product gave the following characteristic NMR signals :- 
(CD3SOCD3) 2.2 (B, 2H), 2.33 (s, 3H), 2.95 (t. 2H). 3.15 (s. IH). 
4.28-4.45 (m, 3H), 4.78 (s, 2H), 6.86(d, 2H), 7.35{d, IH), 7.77 (d, 
2H), 7.92 (d, IH), 8.47 (m, IH) . 

The pentafluorophenyl £-[II-(7-fluoro-2-Bethyl-4-oxo-3- 
(pivaloyloxynethyl) -3 , 4-dihydroqulna2olin-6-ylmethyl) -N- (prop-2-ynyl) - 

amino Ibenzoate, used as a starting material, was obtained by the 
reaction of £- (M-(7-f luoro-2-methyl-4-oxo-3- (pivaloyloxymethyl )- 
3,4-dihydroquina2olin-6-ylmethyl)-H-(prop-2-ynyl)aminolbenzoic acid 
(European Patent Application No. 0373891, Example 26 thereof) and 
pentafluorophenol using an analogous procedure to that described in 
the portion of Example 1 which is concerned with the preparation of 
starting materials* 

i) The product gave the following characteristic NMR signals: 

(CD3SOCD3) 2.2 (m, 2H), 2.32 (s, 3H), 2.95 (t, 2H), 3.18 (s, 3H), 4.4. 
(B, IH), 4.76 (s, 2H), 6.72 (d, 2H) , 7.72 (q, 4H), 8.36 (d, IH). 
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The pentafluorophenyl £-{N-(7-chloro-2-iiethyl-4-oxo-3- 
(pivaloyloxyaethyl) -3 , 4-dihydroquina2olin-6-ylaethyl)-N-aethylanino J - 
benzoate, used as a starting material, vas obtained from 

6- bromomethyl-7-chloro-2-methyl-3-(pivaloyloxymethyl)-.3,4- 
dihydroquinazolin-4-one and tert-butyl £-methylaminobenzoate using 
analogous procedures to those describei in the portion of Example 1 
which is concerned with the prepartion of starting materials. 

The 6-bromomethyl-7-chloro-2-methyl-3-(pivaloyloxymethyl)- 
3,4-dihydroquinazolln-4-one used immediately above was prepared from 

7- chloro-2,6-dimethyl-3,4-dihydroquinazolin-4-one (European Patent 
Application No. 0284388, Example 2 thereof) using the following 
procedures:- 

7-Chloro-2,6-dimethyl-3,4-dihydroquinazolin-4-one (17 g) was 
added portionwise to a stirred suspension of sodium hydride (60t w/w 
dispersion in mineral oil, 2.9 g; washed with hexane to remove the 
mineral oil) in DMSO (200 ml) which vas cooled to 20*C- The mixture 
was stirred at ambient temperature for 1 hour. Chloromethyl pivalate 
(23.7 ml) was added portionwise and the mixture was stirred at ambient 
temperature for 15 hours. The mixture vas poured into water (150 ml) 
and extracted with ethyl acetate (3 x 70 ml). The combined extracts 
were washed with water, dried (MgSO^) and evaporated. The residue was 
triturated under diethyl ether to give 7-chloro-2,6-dimethyl-3- 
(pivaloyloxymethyl)-3,4-dihydroquinazolin-4-one as a solid (17 g). 

A mixture of the product so obtained, N-bromosuccinimide (9.8 
g), benzoyl peroxide (0.1 g) and carbon tetrachloride (400 ml) was 
heated to reflux for 4 hours. The mixture was cooled to ambient 
temperature, filtered and the filtrate was concentrated to a volume of 
200 ml. The mixture was allowed to stand at ambient temperature for 16 
hours. The precipitate was isolated to give the required starting 
material as a solid (15 g), m.p. 160-164*C. 

NHR Spectrum (CDCI3) 1.22 (s, 9H). 2.66 (s, 3H), 4.68 (s, 2H), 6.09 (s, 
2H), 7.68 (s, IH), 8.31 (s, IH). 

j) Elemental analysis showed that the product contained 1 

equivalent of water and 0.5 equivalents of sodium chloride. 
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The pentafluorophenyl £-IN-(7-chloro-2-methyl-4-oxo-3- 
( pivaloyloxymethyl ) - 3 , ^-dihydroqulnazolin- 6-ylaethyl ) -M- ( prop- 2- 
ynyl)aninolbenzoate, used as a starting material, was obtained from 
6-broiaomethyl-7-chloro-2-»ethyl-3-(pivaloyloxyaethyl)-3 , A- 
dihydroquina2olin-4-one and tert-butyl £-(prop-2-ynyl)aniinobenzoate 
(prepared by the reaction of tert -butyl £-aainoben2oate with propargyl 
bronide] using analogous procedures to these described in the portion 
of Example 1 which is concerned with the preparation of starting 
materials. 

k) Elemental analysis showed that the product contained 1 

equivalent of water, 0.25 equivalents of diethyl ether and 1.5 
equivalents of sodium chloride. 

The pentafluorophenyl £-(N-(7-chloro-2-methyl-4-oxo-3- 
(pivaloyloxymethyl) -3 , 4-dihydroquina2olin-6-ylnethyl)-N- 
(prop-2-ynyl)amino]-o-fluoroben2oate, used as a starting material, was 
obtained from 6-bromomethyl-7-chloro-2-«ethyl-3-(pivaloyloxynethyl)- 
3,4-dihydroquinazolin-4-one and tert- butyl o-fluoro-£-(prop-2-ynyl)- 
aminobenzoate using analogous procedures to those described in the 
portion of Example I which is concerned with the preparation of 
starting materials. 

1) Elemental analysis showed that the product contained 1.5 

equivalents of water and 1 equivalent of sodium chloride. 

The pentafluorophenyl £-(M-(7-bromo-2-methyl-4-oxo-3- 
( pivaloyloxymethyl) -3, 4-dihydroquina2olin-6-ylmethyl ) -N- 
methylaminol-o-fluorobenzoate, used as a starting material, was 
obtained from 7-bromo-6-bromomethyl-2-methyl-3-(pivaloyloxymethyl)- 
3,4-dihydroquina2olin-4-one (European Patent Application No. 0459730, 
Example 23 thereof) and tert-butyl o-fluoro-£-aethylaminoben2oate using 
analogous procedures to those described in the portion of Example I 
which is concerned with the preparation of starting materials. 

m) Elemental analysis showed that the product contained I 

equivalent of water and 0.6 equivalents of sodium chloride. 

The product gave the following characteristic NHR signals: 
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(CD SOCD3) 2.2 (m, 2H), 2.34 (S, 3H), 2.95 (t, 2H). 3.2 (s, IH), 4.4 
(broad s, 3H), 4.7 (s, 2H), 6.79 (d, 2H), 7.72-7.8 (q, 4H) , 8.46 (d, 

IH), 12.28 (s, IH). 

The pentafluorophenyl £-lN-(7-bromo-2-methyl-4-oxo-3- 

(pivaloyloxynethyl ) -3 , 4-dihydroqulna2olin-6-ylinethyl) -N- 

methylaminoj-o-fluorobenzoate, used a starting material, is described 

in European pitent Application No. 0459730, Exaaple 23 thereof. 

n) Elemental analysis showed that the product contained 2 

equivalents of vater and 3 equivalents of sodium chloride. 

The pentafluorophenyl £-lN-(7-bromo-2-methyl-4-oxo-3- 
(pivaloyloxymethyl ) -3 , 4-dihydroquinazolinr 6-ylnethyl ) -N- 
(prop-2-ynyl)aminol-o-fluorobenzoate, used as starting material, vas 
obtained from 7-bromo-6-bromo«ethyl-2-methyl-3-(pi7aloyloxyinethyl)-3,4- 
dihydroquinazolin-4-one and tert-butyl o-fluoro-£-(prop-2-ynyl)amino- 
benzoate using analogous procedures to those described in the portion 
of Example 1 which is concerned with the preparation of starting 
materials. 

Example 3 

Using analogous procedures to those described in Example 1 . pentafluorophenyl o-f Iuoro-2-lN-(2.7-dime- 
thyl-4-oxo-3-(pivaloyloxymethyl)-3.4-dihydroquinazolin-6-ylmethyl)-N-(prop-2-ynyl)aminolbenzoate was re- 
acted with methyl (2S)-2-amino-t.(tetrazol-5-yl)butyrate and the methyl butyrate so obtained was hydrolysed 
to give (2S)-2-{o-fIuoro-E4N-(2.7-dimethy«.4-oxo-3,4-dihydroquinazolin-6.ylmethyl).N-(prop-2-ynyl)ami- 
no]benzamido)-4-(tetrazol-5-yl)butyric acid (dried by azeotropic distillation of water from a toluene mature) in 

StSoLum: (CD3SOCDJ 2.06-2^8 (m. 2H). 2.31 (s. 3H). 2.44 (s. 3H). 2.97 (m. 2H). 3-21 (s. lH) 4.30 (s 

2H).4.42(m.1H). 4.70 (s. 2H). 6.65 (m. 2H). 7.43 (s. 1 H). 7.59 (t. IH). 7.71 (s. 1 H). 8.05 (t, 1H). 12.06 (s. 1 H): 

Mass Spectrum: (positive ion FAB) m/e (P+1) 533; 

Elemental Analysis: Found C. 57.8; H, 4.8; N. 20.3; 

CjeHjsFNeO, 0.38HjO 0.14Na* 0.0450" 0.04CHjC,Hs requires C. 57.6; 

^ttMslxample, the methyl (2S}.2-amino-*-(tetrazol-5-yl)-butyrate was enriched in the form having the 
(S)<onf iguration to the extent that the ratio of (S):(R) form was 99:1 or greater as determined by chromato- 
graphic analysis. This isomeric ratio was retained in the product of Example 3. 

The methyl (2S>-2-amino-t-(tetra20l-5-y))butyrate (in which the ratio of (S):(R) form was 99:1 or greater) 
used as a starting material was obtained as follows:- 

A solution of N-benzyloxycarbonyl-L-glutamine methyl ester (25 g) in THF (500 ml) was aoded dropwise 
to astirred solution of triphenylphosphine (44.5g) in carbon tetrachloride (IL). The mixture was heated to 50 C 
for 2 hours. The mixture was evaporated. The resultant oil was triturated in ethyl acetate. The mixture was fil- 
tered and the f atrate was evaporated. The residue was purified by column chromatography using a 1 :1 mixture 
of hexane and ethyl acetate as eluent There was thus obtained methyl (2S)-2-benzyloxycart5onylamino-t-cy- 

anobutyrate (19.38 g. 83%). j r »^ 

A mixtur of methyl (2S)-2-benzyloxycarbonylamino-4-cyanobutyrate (10 g). tri-n-butyitin azide [prepared 
according to the method in R«c^ Trav. Chim. Pavs-Bas. 1963. §1. 286; 12 g] and THF (60 stirred and 

heated torefluxfbr40 hours. Themorture was vaporated. The resultant brown oil was tnturated in d,etM ether 
which had been saturated with hydrogen chloride gas. The precipitat was isolated and washed ^th diethyl 
ether. There was thus obtained methyl (2S)-2-benzyloxycart)ony1amino-4-(tetrazol-5-yl)butyrate (2.23 g. 
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32%). 

NMR Spectrum: (CD3SOCD3) 1.95-2.35 (m, 2H). 2.95 (t, 2H), 3,64 (s. 3H), 4.15 (m. 1H). 5.04 (s, 2H). 7.36 (s. 
5H),7.88(d, 1H), 13.0(s,1H). 

A mixture of the product so obtained was hydrogenated using an analogous procedure to that described 
in the last paragraph of Example 1. There was thus obtained methy! {2S)-2-amino-4-(tetraz6l-5-y1)butyrate in 
88% yield. 

NMR Spectrum: (CD3SOCD3) 1.82-2^ (m, 2H), 2,86-2.94 (t, 2H). 3.67 (s, 3H). 3.7-3.85 (m, 1H). 5.23 (broad 
s,2H). 

Example 4 

Diethylphosphoryl cyanide (0.18 g) was added to a mixture of 5-[N-(2,7-dimethyl-4-oxo-3.4-dihydroqui- 
na2oIin-6-yimethyl)-N-(prop-2-ynyf)armiK)]pyrkline-2-^ acid (0.135 g). N-methylmorphdine (0.113 g) 

and DMF (1 0 ml). The mixture was stirred at ambient temperature for 1 hour. A solution of a mixture of methyl 
(2S)-2-amino-4-{tetrazol-5-yl)butyrat8 (0.14 g) and N^methylmorpholine (0.113 g) in DMF (5 ml) was added. 
The resultant mixture was stirred ^ anr*ient temperature for 64 hours. The mixture was evaporated and th 
residue was partitioned between ethyl acetate and water. The organic phase was washed with water, dried 
(MgSOO and evaporated. There was thus obtained methyl (2S).2-{5-(N-(2.7-dimethy|.4.oxo-3.4-dihydroqui- 
na2olin-e-ylmethyl)-N-(prop-2-ynyOamino]pyTidine-2-carboxamido}-4-(tet^ (0.16 g). 

NMR Spectrum: (CD3SOCD3) 2.31 (m, 5H). Z44 (s, 3H), 2.92 (t, 2H), 3.63 (s. 3H), 4.30 (s. 2H), 4.50 (m, 1H), 

4.75 (s, 2H). 7.20-7.31 (m. 1H). 7.44 (s. 1H). 7.72 (s, 1H). 7.80-7.90 (d, 1H). 8.13-8.20 (d. 1H). 8.65-8.77 (d. 
1H), 12.1 (broad s. 1H). 

A mixture of the material so obtained and 2N sodium hydroxide solution (3 ml) was stirred at ambient tem- 
perature for 1 hour. The mixture was acidified to pH4 by the addition of concentrated hydrochloric acid. The 
precipitate was isolated, washed in txsn with water, acetone and diethyl ether and dried. There was thus ob- 
tained (2S)-2-{5-{tt(2,7-dimethy«-4-oxo-3,4.dihydroquinazolin-6-ylmethyl)-N^^ 
carboxamido>4-(tetrazol-5-yl)butyric acid (0.124 g). 

NMR Spectrum: (CD3SOCD3) 2.30 (m. 5H). 2.45 (s. 3H). 2.82-2.89 (t, 2H). 4.39 (s, 2H). 4.41-4.60 (m, 1H), 

4.76 (s. 2H), 7.2-7.31 (m, 1H). 7.45 (s, 1H). 7.73 (s. 1H), 7.8-7.9 (d. 1H). 8.15 (d, 1H). 8.32-8.61 (d, 1H); 
Mass Spectrum: (positive ion FAB) nVe (P+1) 515; 

Elemental Analysis: Found C. 4a0; H, 4.3; N. 19.8; 

C25H25N9O4 1.5Naa I.25H2O requires C. 48.0; H, 4.4; N. 20.15%. 

In this example, the methy! (2S}-2-amino-4-(tetrazoi-5-yl)-butyrate was enriched in the form having the 
(S)-conf iguraUon to the extent that the ratio of (S):(R) form was 99:1 or greater as determined by chromato- 
graphic analysis. This isomeric ratio was retained in the product of Example 4. 

The 5-{N-(2,7-dimethyl-4-oxo-3.4-dihydroquina20lin-6-ylmethyl)-N^^ 
boxylic acid used as a starting material was obtained as fdlows:- 

A mixture of 6-bronK)methy*-2.7-<fBi>ethyl-3-(pivaloyloxymethyl)-3,4-dihydroquinazoli (1.11 g). 

methyl 5-[N.(prop-2-ynyi)aminolpyTidine-2-carboxylate [0.61 g; obtained in quantitative yield by treating methyl 
5-[N;tert-butoxycarbonyl)-tHprop-2-yTTy()-amm (J. Med. Chem., 1991, 1594) with tri- 

f luoroacetic acid at 0*C for 1 hoort ZS^utidine (0.62 g). sodium iodide (0.005 g) and DMA (20 ml) was stirred 
and heated to 95''C for 7 hours. The mixture was evaporated and the residue was partitioned between ethyl 
acetate and a 2N hydrochloric add solution. The addity of the aqueous layer was reduced to pH4 by the ad- 
dition of 2N sodium hydroxide sohHion and the solution was extracted with ethyl acetate. The organic layer 
was dried (MgS04) and evaporated- The residue was purified by column chromatography using ethyi acetat 
as eluent There was thus obtained methyl 5^NK2,7-dimethyi-4.oxo-3.(pivaloyioxymethyl)-3.4-dihydroquina- 
20lin-6-yimethyt)-N-(prop-2-ynyi)anrlino^pyridine-2-cart50xyiate as a gum (0.262 g). 

A mixture of the ester so obtair^. 2N sodium hydroxide solution (20 ml) and methanol (1 0 ml) was stirred 
at ambient temperature for 16 hours. The bulk of the methanol was evaporated and the residual aqueous sol- 
ution was addif ied to pHo oy the addftion of concentrated hydrochloric add. The resultant predpitate was iso- 
lated, washed in turn with water and diethyl ether and dried. There was thus obtained 5-(N-(2J-dimethyl-4- 
oxo-3,4-dihydroquinazdin-6-y(methyl)-N-<prop-2-ynyl)amino]pyridine-2-carboxylic add (0.143 g). 
NMR Spectrum: (CD3SOCD,) Z20 (s. 3H), Z45 (s. 3H). 3.28 (s. 1H), 4.35 (s. 2H), 4.75 (s, 2H). 7.12-7.25 (m. 
1H), 7.45 (s, 1H). 7.71 (s. 1H), 7,82-7.91 (d, 1H). 8.17-8.22 (d, 1H). 

Example 5 

Using analogous procedures to those described in Example 1, pentafluorophenyl e-{N-{1-(2.7-dimethyi- 
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4- ox{>-3-(pivaIoytoxymethyl)-3.4-dihydroquinazolirv^yl)ethylVN-(prop-2-ynyi)amino}bera^ was reacted 
with methyl (2S}-2-amino-4-(tetrazol-5-yi)butytate and the resultant methyl butyrate was hydrolysed to give 
2-{B.(N-(1-(2J-dimethyl-4-oxo-3.4-dihydroquinazolin-6-y1)ethylhN-^ 

5- yi)butyric acid in 25% yield, m.p, 207»C. 

NMR Spectrum: (CDjSOCDj) 1.5 (d. 3H) 2.25 (m. 2H). 2.27 (s, 3H). 2.34 (s. 3H). 2.9 (s. 1H). 3.0 (t. 2H). 3.7 
(d. 1H). 3.95 (d. 1H), 4.4 (m. 1H). 5.5 (m. 1H). 7.0 (d. 2H). 7.4 (s. 1H). 7.8 (d. 2H). 8.1 (s. 1H). 8.4 (d. 1H); 
Elem'intal Analysis: Found C, 57.9; H. 5.2: N. 19.5; 
CjTHjsNsOi IH2O 0.25NaCI requires C. 57.7; H. 5.3; N. 19.9%. - 

In this example the methyl (2S)-2-amino-4-(letra20l-5-yl)-butyrate was enriched in the form having the 
(S)-conf iguration to the extent that the ratio of (S):(R) was 7:3. This isomeric ratio was retained in the product 
of Example 5. 

The pentafluorophenyl e;{N-[1-(2.7-dimethyl-4-oxo-3-(pivaloyioxymethyl)-3,4-dihydroquinazolin-6-yl)et- 
hyi]-N-{prop-2-ynyl)-amino}benzoate used as a starting material was obtained as follows:- 

Bromine (9.4 g) was added dropwise to a stirred solution of 4*-ethyl-3*-methylacetanilide in acetic acid (100 
mi) which had been warmed to 45»C. The mixture was stirred at 45»C for 30 minutes. The mixture was evapo- 
rated and the residue was partitioned between ethyl acetate and a saturated aqueous sodium bicarbonate sol- 
ution. The organic phase was washed with water, dried (MgSO*) and evaporated. The residue was purified by 
column chromatography using a 5:1 v^ mixture of hexane and ethyl acetate as eluent There was thus obtained 
2'-bromo-4'-ethyl-5*-methylacetaniIide (13.2 g). m.p. 92»C. 

A mixture of the compound so obtained, cuprous cyanide (6.8 g) and NMP (100 ml) was stirred and heated 
to 120»C for 1 hour. The mixture was cooled to ambient temperature, poured onto a mixture of aqueous am- 
monium hydroxide (0.88 g/ml. 300 ml) and ice (600 ml) and stirred for 10 minutes. The precipitate was isolated 
and washed in turn with water and with ethyi acetate. The organic washings were washed with water and with 
brine, dried (MgSO*) and evaporated. There was thus obtained 2'-cyano^'-ethyl-5'-methylacetanilide (8 g). 
m.p. 121"C. 

A mixture of the material so obtained, hydrogen peroxide (30%. 150 ml), sodium hydroxide (2.33 g) and 
water (23 ml) was stirred and heated to 55''C for 2 hours. The mixture was cooled to ambient temperature and 
the mixture was evaporated. Water (200 ml) was added to the residue and the solution was acidified to pH4 
by the addition of dilute aqueous hydrochloric acid. The precipitate was isolated, washed with water ancl dried. 
There was thus obtained 6-ethyl-2.7-dimethyl-3.4-dihydroquina2olin-*-one (6.7 g). m.p. 288»C (decomposes). 
NMR Spectrum (CD.SOCD3) 1.2 (t. 3H). 2.3 (s. 3H). 2.35 (s. 3H). 27 (q. 2H). 7.3 (s. 1H). 7.8 (s. 1H). 11.95 

(broad s, 1H). ^ ^. ^ u -j 

A solution of the material so obtained in DMSO (50 ml) was added to a stirred mixture of sodium hydnd 
(80% dispersion in mineral oil. 1.5 g; from which the oil had been washed by hexane) and DMSO (50 ml). Th 
mixture was stirred at ambient temperature for 30 minutes. Chloromethyl pivalate (9.7 g) was added and the 
mixture was strred at ambient temperature for 20 hours. The mixture was partitioned between ethyl acetate 
and a mixture of ice and water. The organic phase was washed wfth water, dried (MgSO*) and evaporated. 
The product was purified by column chromatography using increasingly polar mixtures of hexane and ethyl 
acetate as eluent There was thus obtained 6-ethyl-2.7-dimethyl-3-(pivaIoyloxymethy1)-3.4-dihydroquinazolin- 

4-one(4.2g),m.p. 104»C. 

A mixture of a portion (3.2 g) of the product so obtained. N-bromosuccinimide (1.9 g). benzoyl peroxide 
(0 01 g) and carbon tetrachloride (300 ml) was stirred and heated to reflux for 3 hours. The mixture was cooled 
to ambient temperature and filtered. The filtrate was evaporated and the residue was purified by column chro- 
matography using increasingly polar mixtures of hexane and ethyl acetate as eluent There was thus obtained 
6-(1-bromoethyl)-2.7-dimethyl-3-(pivaloyloxymethyl)-3.4-dihydroquinazolin-4-one (3.35 g). m.p. 132»C. 
NMR Spectrum (CDCI3) 1.25 (s. 9H). 2.2 (d. 3H). 2.55 (s. 3H). 2.65 (s. 3H). 3.4 (q. 1H). 6.1 (q. 2H). 7.43 (s. 

1H).8.4(s. 1H). ^ X ^ 

A mixture of the product so obtained, tert-butyl E-aminobenzoate (4.8 g). calcium carbonate (3.3 g) ana 
DMA (80 ml) vras stirred and heated to IIO'C for 3 hours. The mixture was evaporated and the residue was 
partitioned between ethyl acetate and water. The organic phase was dried (MgSO*) and evaporated. The re- 
sidue was purified by column chromatography using increasingly polar mixtures of hexane and ethyl acetate 
as eluent There was thus obtained tert-butyl B^.[l-(2.7-dimethyM-oxo-3-(pivaloyloxymethyl)-3.4-dihydro- 
quinazolin-6-yl)ethyl]amino}ben2oate (2.75 g). m.p. 220»C. 

A mixture of a portion (1.5 g) of the material so obtained, propargyl bromide (80% solution in toluene. 3.3 
ml), calcium carbonate (1.5 g) and DMA (50 ml) was stirred and heated to 110'C for 8 hours. The mixture was 
evaporated and the residue was partitioned between ethyl acetate and water. The organic phase was dned 
(MgSO«) and evaporated. The residue was purified by column chromatography using a 1:1 v^ mixtur of h x- 
ane and ethyl acetat as eluent Th re was thus obtained tert-butyl B^.t1-(2.7-dimethyl-4-oxo.3.(pivaloy- 
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!oxymethy!)-3.4-dihydroquina20lirv6-y*) thyn-tHprop-2-ynyl)amino}bea2oale as a gum (0.78 g). 

NMR Spectrum {CDO^ 1.23 (s, 9H), 1 .57 (s. 9H), 1.72 (d, 3H). 2.0 (t, 1H), 2.3 (s. 3H), Z63 (s, 3H), 3.7 (m, 

1H), 3.9 (m. 1H). 5.3 (q. 1H). 6.1 (s, 2H), 6.95 (d. 2H). 7.42 (s, 1H). 7.95 (d, 2H). 8.3 (s. 1H). 

A mixture of the product so obtained and trifluoroacetic acid {20 ml) was stirred at ambient temperature 
for 1 hour, Th mbrture was evaporated. DiethyJ eth r (100 ml) was added and the precipitate was isolated. 
There was thus obtained e^N-I1-(2,7-dim thyl-4-oxo-3-(pivatoy!oxymethyl>-3,4-dihydroquinazolin-6-yl 
hy!VN-(prop-2-ynyl)-amino}benzoic acid trifluoroacetic add salt (0.73 g), m.p, 217*C. 

A mixture of the product so obtained, pentafluorophenol (0.64 g), dicydohexyicartxxJiimide (0,71 7 g) and 
ethyl acetate (1 20 tri) was stirred at ambient temperature for 20 hours. The mixture was filtered and the filtrate 
was evaporated. The residue was purified by column chromatography using a 3:1 v/v mixture of hexane and 
ethyl acetate as eluent There was thus obtained pentafluorophenyl B-{tHH2,7-dimethyl-4-oxo-3-(pivaloy- 
lorymethyi)-3,4-dihydroquina20lin-6-yi)ethyfJ-N:(prop-2-ynyl}antino}be (0.68 g). m.p. 112**C. 

Example 6 

The following aiustrate representative pharmaceutical dosage forms containing the compound of formula 
I, or a pharmaceutically-acceptaWe salt thereof (hereafter compound X), for therapeutic or prophylactic use 
in humans:- 

(a) Tablet I 

Compound X • 

Lactose Ph. Eur 

Croscarmellose sodiuni 

Maize starch paste (5X w/v paste) 
MagnesiuiD stearate 

(b) Tablet II 

Compound X 

Lactose Ph. Eur 

Croscarmellose sodium 

Maize starch 

Polyvinylpyrrolidone (51 v/v paste) 
Magnesium stearate 

(c) Tablet III 

Compound X 

Lactose Ph^Eur 

Croscarmellose sodium 

Maize starch paste (52 v/v paste) 
Magnesium stearate 



ng/tablet 
100 

182.75 
12.0 
2.25 
3.0 



mg/tablet 

50 
223.75 
6.0 
15.0 
2.25 
3.0 



mg/tablet 
1.0 
93.25 
4.0 
0.75 
1.0 



(d) Capsule m^/capsule 

Compound X 10 

Lactose Ph. Eur 488.5 

Magnesium stearate 1-5 



20 



B> 0 562 734 A1 



(e) Iniection I (SOmgM) 

Coapound X 5.0X w/v 

m Sodlua hydroxide solution 15. OX v/v 

O.IM Hydrochloric acid 

(to adjust pH to 7.6) 

Polyethylene glycol 400 ^-SX w/v 

Vater for injection to lOOX 

(f) Iniection II (10 niR/ml) 

Coapound X 1. OX w/v 

Sodium phosphate BP 3.6X w/v 

O.IH Sodium hydroxide solution 15. OX v/v 

ffater for injection to lOOX 

(g) Iniection III (Img/ml. buffered to pH6) 

Compound X O-l'^ 

Sodium phosphate BP 2.26X v/v 

Citric acid 0-38^ 

Polyethylene glycol 400 3.5X v/v 

Water for injection to lOOX 

The above fornnilations may be obtained by conventional procedures well known in the phannaceutical art 
The tablets (a) to (c) may be enteric coated by conventional means, for example to provide a coating of cellulose 
acetate phthalate. 

CHZHICAL rORIWIAg 




Ar-CONH 



COgH 



r1 N 




21 



EP 0 562 734 A1 




45 




22 



EP 0 562 734 A1 



Claims 

1. A quinazoline derivativ of the formula I 

2 




;^r-CONH 




COgH 



N N 



N 
H 



wherein is (1-4C)aIkyl; 

the quinazdine ring may optionally bear (at one or two of the 5-, 7- and 8-positions) one or two further 
subsUtuents selected from halogeno, (1-4C)alkyl and (1-4C)alkoxy; 
R2 is hydrogen or (1-4C)alkyi; 

is hydrogen. (1-4C)aIkyl. (3-4C)aikenyj. (3-4C)alkynyl. hydroxy-{2-4C)alkyl, haIogeno-(2-4C)alkyl or 

cyano-<1-4C)alkyi; 

and Ar is phenylene or heterocydene which may optionally bear one or two substituents selected from 
haiogeno, (1-4C)a!kyi and (1-4C)alkoxy; 
. cr a pharnwceutically-acceptable salt or ester thereof, 

2. A quinazoline derivative of the formula I as daimed in daim 1 wherein R^ is methyl; 

the quinazdine ring may optionally bear a 7.fIuoro. 7-chloro, 7-bromo or 7-methyi substituent; 
R2 is hydrogen; 

R3 is methyl, ethyl, propyl, prop-2-eny! or prop-2-yny<; and 

Ar is 1 .4-phenyiene which may opttonally bear one f luoro substituent, or Ar is thiophene-2.5-diyl, thiazoie- 
2.5-diil (with the -CONH- group In the 2-positk)n) or pyridine-2,5-diyi (with the -CONH- group in the 2- 
position); 

or a pharmaceutically-acceplable salt thereof, 

3. A quinazoline derivative of the formula I as daimed in daim 1 
wherein R^ is methyl; 

the quinazdine ring may optionally bear a 7-fluoro, 7-chloro, 7-bromo or 7-methyl substituent; 
R2 is hydrogen; 

Ri is methyl, ethyl or prop-2-ynyi; and 

Ar is 1,4.phenylene. 2-fluoro-1.4-pheny1ene (with the -CONH- group in the l-position), or pyndine-2.5- 
diyl (with the -CONH- group in the 2-position); 
or a pharn^ceutically*acceptable salt thereof. 

4. A quinazoline derivative of the formula I as daimed in daim 1 
wherein R' is methyl; 

the quinazdine ring bears a 7-methyl substituent; 
R2 is hydrogen; 

R3 is methyl, ethyl or prop-2-ynyl; and 

Ar is 1,4-phenylene or 2-fluoro-1.4.phenylene (with the -CONH- group in the 1-position); 
or a pharmaceutically-acceptable salt thereof. 

5. A quinazdine derivative of the formula I as daimed in daim 1 
wherein R' is methyl; 

the quinazdin riifig bears a 7-methy! substituent; 
R2 is hydrogen; 

R3 is methyl or prop-2-ynyl; and 

Ar is 1,4-phenylen , 2-fluoro-1,4.phenylene (with Ih -CONH- group in the l-position). or pyndine-2,J>- 
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d'ryl (with the -CONH- group in the 2-position); 
or a pharmaceuticalty-acceptable salt thereof. 

A quinazoline derivative of th formula I as claimed in daim 1 , or a pharmaceutically-acceplable salt thereof, 
selected from th group consisting of:- 

2-{2:ltH2-^thyt-4-oxo-3.4KJihydroquina2din-6-yImethyi>-t^ ]benzamido)-4-(tetra2ol- 
5-yl)butyric acid, 

2-{o-fluoro-a-[N-{2-methyl-4-oxo-3.4-dihydroquina20lin-6-yimethy1V{^^^ 
(tetrazoI-5-yl)butyric acid. 

2-{E-tN-(2J-dimelhyl-4-oxo-3,4-dihydroquina2olin S-yimethyi)-N^ 
butyric acid, 

2-{o-f!uoro-£-[N-(27-dimethyl-4-oxo-3.4-dihydroquinazdirve-ylmethyl)-N-methy^ 
(tetra2ol-5-yl)butyric acid, 

2KBr[tt(2J"^iniethyl-4-oxo-3Adihydnx;uinazoiin-6-yimethyl)-N-{pro 
5-yl)butyric acid, 

2-fe-fluoro-a-[N-(2J-dimethyt-4-oxo-3,4-dihydroquinazo!in-6-ylmethyl>-N^^ 
4-(tetrazol-5-yi)butyric acid, 

2-{B-[N-(7-chloro-2-methyl-4-oxo-3,4-dihydroquinazolin-6-ylniethyi)-N-^ 
(tetrazol-5-yi)butyric acid, 

2-^fluoro-B-[N-(7.chloro-2-methyl-4-oxo-3,4Hjihydroquina2olin-6-ylmethyi)-t^^ 
midoH-(te^azol-5-yi)butync acid and 

2-{E-[N-(7-bromo-2-methyl-4-oxo-3,4-dihydroquinazolin-6-ylmethyi}-5i-(prop-2-ynyi)^^ 
(tetrazol-5-yl)butyric acid. 

A quinazoline derivative of the formula I as daimed in claim 1 , or a pharmaceutically-acceptable salt thereof, 
selected from the group consisting of.- 

(2S)-2-{£-[N:(2-methyi-4-oxo-3,4-dihydroquinazolin-6-yinTethyi)-N-(pro 
zol-5-yl)butyric.acid, 

(2S)-2-{a-flubro-2-[N-{2-methyl-4-oxo-3,4-dihydroquinazolin-&-yimeth^ 

4- (tetrazol-5-yi)butyric acid, 

(2S)-2-{B-(N-(2,7-dimethyl-4-oxo-3,4-dihydroquinazoIin-6-ylnfiethyl>-N 

5- yl)butyric acid, 

(2S)-2-{o-fluofo-£-[N-(2.7-dimethy1-4H3xo-3,4-dihydroquinazdin-6-yime 
4-(tetrazol-5-yl)butyric acid, 

(2S)-2-{E-(N-(2,7-dimethyl-4-oxo-3,4-dihydroquinazolin-6-yfmethylVN^ 
(tetrazol-5-y1)butync acid, 

(2S)-2-{o-fluoro-£-tN-(2,7-dimethyi^oxo-3,4-dihydroquinazdin-S-ylmethyl^^ 
midoH-(tetrazol-5-yl)butyric add, 

(2S)-2KE-ttl-(7-chloro-2-methyl-4-oxo-3,4-dihydroquinaaolin.6.ylmethyl)-5^ 
mido}-4-(tetrazd-5-yl)butyric add, 

(2S)-2-{o-fluoro-B-[N-(7-chloro-2-methyl-4-oxo-3,4-dihydroquinazd 
benzamido}-4-(tetrazol-5-yl)butyric acid and 
(2S)-2-{B-lN-(7-bromo-2-methy«-4-oxo-3.4Klihydroqu^ 
4-(tetrazol-5-yl)butyric acid. 

A quinazoline derivative of the formula I as daimed in daim 1, or a pharmaceutically-acceptable salt thereof, 
selected from the group consisting of:- 

(2S)-2-{o-fluoro-E-lM-(2.7-dimelhy|.4-oxo-3,4-dihydroquinazolin-6-yimethyl)-t^^ 
midoH.(tetrazd-5-yl)bulyric acid and 

(2S)-2-(5-Qi-(2.7.dimethyl-4-oxo-3,4^ihydroquina20lin-6-ylmethyl)-N.{prop-2-ynyl)amino]p^ 
boxamido}-4-(^^^^'*S'y0^tyric acid. 

A process for the preparation of a quinazoline derivative of the formula I, or a pharmaceutically-acceptable 
salt or ester thereof, as daimed in daim 1 which compris s:- 

(a) the reaction of an acid of the formula II, or a reactive derivative thereof. 
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II 



III 



H 



wherein R* is a protecting group whereafter the protecting groups are removed by conventional means; 
(b) the reaction of a compound of the formula IV 




IV 



wherein R* is hydrogen or a protecUng group and Z is a displaceable group, with an amine of the formula 
V 




V 



wherein R* is a protecting group, whereafter the protecting groups are removed by conventional means; 
and when a pharmaceutically-acceptabi salt of a novel compound of the formula I is r quired, it may 
be obtained by reaction of said compound with a suitable acid or base using a conventional procedure; 
and when a pharmaceutically-acceptable ester of a novel compound of the formula I is required, it may 
be obtained by reacUon of said compound with a suitable (1-6C)alcohol using a conventional procedur ; 
and when an optically actWe form of a compound of th formula I is required, it may be obtained by 
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earring out ne of th aforesaid processes using an optically activ starting material, or by resolution 
of a racemic form of said compound using a conventional procedure. 

10. A pharmaceutical composition wtiich comprises a quinazoline derivativ of th formula I, or a pharn^ 
5 ceutically-acceptat)le salt or ester thereof, as datmed in any one of daims 1 to 8 in assodation with a 

pharmaceutically-acceptabi diuent r carrier. 

11. The use of a quinazoline derivative of the formula I, ora pharmaceutically-acceptable salt or ester thereof, 
as daimed in any one of daims 1 to 8 in the manufacture of a novel medicament for use in the production 
of an anti-tumour effect in a warm blooded animal, 

10 
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